Uptake of poliovirus 1 by the blue crab, Callinectes sapidus, was measured to assess the likelihood of contamination by human enteric viruses. Virus was found in all parts of the crab within 2 h after the crab was placed in contaminated artificial seawater. The highest concentrations of virus were found in the hemolymph and digestive tract, but the meat also contained virus. The concentration of virus in the crabs was generally less than in the surrounding water. Changes in salinity did not substantially affect the rate of accumulation. An increase in temperature from 15 to 25°C increased the rates of both uptake and removal. Poliovirus survived up to 6 days in crabs at a temperature of 15°C and a salinity of 10 g/kg. When contaminated crabs were boiled, 99.9% of poliovirus 1, simian rotavirus SAll, and a natural isolate of echovirus 1 were inactivated within 8 min. These data demonstrate that viruses in crabs should not pose a serious health hazard if recommended cooking procedures are used.
Human enteric viruses are a health problem in oysters, clams, and mussels that are eaten raw or only partially cooked (5) . These bivalve mollusks are filter feeders. While feeding, they can accumulate virus from large volumes of surrounding water. The concentration of viruses in bivalve mollusks can be many times higher than in the surrounding water (6, 7, 10, 15) .
DiGirolamo and co-workers suggested that viruses in edible crabs may also present a health hazard (2, 4) . They found that Pacific shore crabs accumulated poliovirus from artificially contaminated seawater and by feeding on viruscontaminated mussels (2) . They also demonstrated the survival of coliphage T4 in edible West Coast crabs after boiling for 20 min (4 
MATERIALS AND METHODS
Virus and virus assays. Plaque-purified stocks of poliovirus 1 (strain LSc), simian rotavirus SAl1, and a natural isolate of echovirus 1 (V239) were used. SA11 served as a model for human rotavirus, which can cause severe diarrhea in children. Echovirus 1 (V239) was tested because previous studies indicated that it was relatively resistant to thermoinactivation (9) . The enterovirus stocks were grown and assayed in BGM cells, a continuous monkey kidney cell line. Enterovirus assays were done by the plaque-forming unit (PFU) method as used in this laboratory (13) . SAll was grown and assayed in MA-104 cells by using a plaque assay technique developed in our laboratory (16 
RESULTS
The accumulation of poliovirus in the hemolymph, digestive system, and meat of blue crabs was measured at four combinations of temperature and salinity. Temperatures of 15 and 250C were tested since these are within the range of water temperatures normally found in Galveston Bay and provide a large enough difference to detect an effect due to temperature. Salinity of the water from which the crabs were taken in Galveston Bay was within the range of 0 to 30 g/kg. The results are shown in Fig. 1 . The initial concentration of virus in the water ranged from 1 X 105 to 3 x 105 PFU/ml. The experiments at 250C were terminated after 56 h, and those at 150C were terminated after 70 h. The loss of virus titer in the water over the course of the experiment was 1.1 to 1.9 logio at 150C and 3.0 logio at 250C.
Virus was found in the hemolymph and digestive tract within 2 min after the addition of virus to the water and was detected in the meat after 2 h. Virus levels in the crabs rose rapidly in the first 8 h and then leveled off and decreased at a rate similar to that in the surrounding water. The concentration of virus in the crabs was consistently less than in the surrounding water, except at 250C and a salinity of 10 g/kg. Under these conditions virus concentrations in the hemolymph and digestive tract were higher than in the water at three sampling times.
The highest concentrations of virus were generally found in the hemolymph and digestive tract of the crab. However, after 24 h of accumulation, the concentration in the meat approached, and in some cases exceeded, the concentrations in the hemolymph and digestive tract. Also, the average ratio of the concentration in the surrounding water to the concentration in the meat decreased from 320 after 2 h to 29 after 72 h of accumulation.
Increasing the temperature from 15 to 250C increased the rate of accumulation of virus in the crabs. Also, comparison of the average concentration factors (PFU per gram of crab/PFU per milliliter of surrounding water) at -4 h after addition of virus showed that a greater proportion of the virus was accumulated by the crabs at 250C than at 150C. No substantial or consistent effect was observed when the salinity was increased from 10 to 30 g/kg. Figure 2 shows the persistence of poliovirus in blue crabs when contaminated crabs were placed in clean water at a salinity of 10 g/kg and a temperature of either 15 or 250C. At 150C virus was still detectable up to 6 days in the hemolymph and digestive tract and up to 3 days in the meat. The loss of titer was 96.4% in the digestive tract, 98.2% in the hemolymph, and >98% in the meat in 6 days. This was slightly less than the loss of titer from seawater at 150C (99% in 3 days; Fig. 1 ).
Loss of virus from the crabs was much faster at 250C. After 20 h, no virus was detected in the meat or digestive tract.The hemolymph had lost 99.7% of its original titer in 20 h, and 1 PFU was recovered from the hemolymph of one crab after 44 h.
Comparison of the ratios of the virus in hemolymph and digestive tract to the virus in the meat showed that there was little difference in the rate of virus loss in these three portions of the crab. The ratios were variable, but again there was consistently less virus in the meat than in the hemolymph or digestive tract.
Finally, experiments were performed to determine the persistence of viruses in crabs when they are boiled. The swimming muscle (backfin lump meat) of each crab was injected with 0.1 ml of virus suspension. The swimmiing muscle was used since it is within the body of the crab and would be a likely place for viruses to survive boiling. A thermocouple was inserted into the opposite swimming muscle. Each crab was plunged into 5 liters of boiling water, and the container was covered loosely. At the appropriate time, the crab was removed and immediately placed on ice. The entire inoculated muscle was removed and assayed for virus as described above. Figure 3 shows the inactivation curves of the three viruses tested. There was no substantial difference in the inactivation rates of these three viruses in the crabs.
The three viruses tested all showed at least a (1, 7) , crabs would not be expected to concentrate virus from water contaminated with very low levels of virus. They may, however, acquire virus by eating contaminated oysters or other organisms (3) .
The highest concentrations of virus in crabs were found in the digestive tract and hemolymph. Because the muscle tissue of crabs is not isolated from the digestive tract and hemolymph, when the meat is removed it will almost surely be contaminated with hemolymph or material from the digestive tract or both. The method for removing the meat in this study was similar to the nornal method of removing meat for consumption. Therefore, the amount of virus recovered from the meat indicates the relative amount that would be found in the edible portion of the crab. The location of the virus within the animal could be important for crabs since generally only the muscle tissue is eaten. Oysters also accumulate most ofthe virus in the digestive system (14) , but since they are eaten whole the location is not as significant.
Virus was lost from crabs placed in clean water at a rate similar to the rates of inactivation reported for seawater at the same temperature (14) , and a significant amount was retained for at least 6 days at 150C. The crabs did not appear to depurate the virus in the manner that bivalve mollusks do (11, 15) , although bivalves also may retain low numbers of virus for several weeks (1).
Temperature had a great effect on persistence of virus in crabs, and a similar effect has been reported for bivalves (1, 11, 12) . Again, the difference between crabs and bivalves in elimination of virus, as in uptake, is probably due to different feeding mechanisms.
Finally, the most important consideration of health hazards associated with viruses in crabs is the effect of normal cooking procedures on the viruses. Viruses in crab muscle were rapidly inactivated when the crabs were boiled (Fig. 3) 
